( b ) (c) (4 ( e ) GlcNAc( 1 +2 or 4)a-Man-R where R represents the residual tetra-antennary carbohydrate moiety (Williams et al., 1984) . There are other asparagine-linked moieties in THG with an Sd(a+) determinant (11; Donald et al., 1983) :
o-GalNAc( 1 +4) ]/3-Gal( 1 -+4)0-
(4 (f) where R' probably represents a similar tetra-antennary structure to R (Williams et al., 1984) .
The Cad determinant has the structure (111):
(3-GalNAc(l+4)[cu-NeuAc(2-+3)] /3-Gal(l+3) (a)
[a-NeuAc(2+6)] 0-GalNAc-P ( h ) (g) where P represents serine or threonine residues on glycophorin A (Blanchard et al., 1983) . In I and 11, residues (a) to (d) are identical and might be considered to be the sugars forming the immunodeterminant. However, in 111, the type of residue (g) differs from that in the same relative position ( d ) in I and 11, and it is substituted by sialic acid (h). It is suggested that 111 provides an entirely separate antigen from I and 11. Thus anti-Cad would react with I11 and anti-Sda with I and 11. There is an analogous general example, where naturally occurring human anti-A reacts with human A cells but not with pig A cells (Polley et al., 1963) . The Cad antigen on glycophorin A may be deduced (Blanchard et al., 1983) to be within every one of the 15 (Marchesi et al., 1976) serine-and threonine-linked carbohydrate moieties, and Cad(-) glycophorin A has similar carbohydrate moieties but without terminal GalNAc residues. If the Sd" determinant on the red cell of Cad(+) individuals is asparagine-linked, as in THG, the number of groups would necessarily be less than that for the Cad determinant, because glycophorin A is the dominant glycophorin of the red cell membrane, and even if this glycoprotein carries the Sd" immunodeterminant, there is only one asparagine-linked carbohydrate moiety (no. 26; Marchesi et al., 1976) . (MacVie et al., 1967) , and the normal survival time of transfused Sd(a+) cells in those with natural anti-Sda (Silvergleid et al., 1978) .
The presence of different N-acetyl-0-D-galactosaminyl transferases in the red cell or its precursors, each under separate control, is probably required for synthesis of Cad(+) and Sd(a+) determinants, so that the two determinants may occur individually. The transferase synthesizing Sda determinant(s) of THG is present in microsomes isolated from guinea-pig kidney (Serafini-Cessi & Dall'Olio, 1983) , and recently a part of the oligosaccharide structures on glycophorin A has been chemically synthesized (Bencomo & Sinay, 1984) . Fr. Transfus. 15, [195] [196] [197] [198] [199] [200] [201] [202] Blanchard, D., Cartron, J. P., Fournet, B., Montreuil, J., Van Halbeek,
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( 1 968 Internalization of ligand-receptor complexes within the cell has been previously shown for many systems, including the lutropin (LH) receptor in the tUmour Leydig cell (Ascoli &L Puett, 1978) . In many cell types the movement of ligand-receptor complexes has been shown to involve an endocytic pathway, which is characterized by dissociation of the complex within the cell and recycling of the receptor to the cell surface (Schwartz et al., 1984) .
Abbreviations used: LH, lutropin; *25I-hCG, '25I-labelled human choriogonado tropin.
BIOCHEMICAL SOCIETY TRANSACTIONS
However, t h s process has not been demonstrated in the testis Leydig cell. It has been established by Dix et al. (1982) , using the rat tumour Leydig cell, that the lesion responsible for LH-induced desensitization lies between the receptor and the guanine nucleotide regulatory protein (N protein) of the adenylate cyclase system.This lesion or uncoupling has been proposed as the first step in the clustering and internalization of hormone-receptor complexes (Strulovici et al., 1983) .
We have examined the way in which the number of surface receptors for LH is regulated in the Leydig cell by investigating internalization and recycling of those receptors. The effect of this regulation on the sensitivity of the adenylate cyclase system to hormonal stimulation has also been examined.
Rat testis Leydig cells were prepared by collagenase dispersion of the testis and purified on 0-90% Percoll gradients, as described by Aldred & Cooke (1982) . Internalization of lZ5 I-labelled human chroriogonadotropin (lZ5I-hCG) was followed by using a simple acid-washing technique with pH 3.0 glycine-buffered saline to remove and determine surface binding. The radioactivity remaining with the cells (which were attached to plastic culture wells) was assumed to be internalized lZ5 I-hCG. Desensitization of the adenylate cyclase system in the Leydig cells was determined by measuring cyclic AMP production in cultured cells in the presence of isobutyl methylxanthine, a phosphodiesterase inhibitor. Levels of intracellular and extracellular cyclic AMP were measured using the cyclic AMP radioimmunoassay modified by Harper & Brooker (1975) from Steiner et al. (1972) .
The results of the internalization studies show that after occupation of the LH receptors by the hormone at 34"C, there was rapid internalization of the complex within the testis Leydig cell. Of the cell-associated 1251-hCG, 77% was internalized within 15 min, the equivalent of 240 molecules of lZ5 I-hCG per cell being internalized each minute in the first hour after exposure to the hormone. Surface binding, however, continued to increase over the 2 h studied.
To measure the effect of temperature on surface binding, internalization and release of degraded hormone, Leydig cells were preincubated with 1z51-hCG then washed and re-incubated without hormone. There appeared to be two temperature-sensitive steps. Firstly, at temperatures < 4 O C , there was surface binding but no internalization or subsequent release of degraded hormone. Secondly, at temperatures < 2 1 "C, the hormone-receptor complex moved into the cell cytosol from the cell surface but the degradation of the hormone was largely inhibited. At the sa;ie time surface binding dropped to very low levels. At 34 C the endocytic pathway functioned normally, where a decrease in internalized levels of 'z51-hCG over 4 h was accompanied by a parallel increase in the release of degraded hormone. Therefore cells which internalize their ligandreceptor complexes show large differences in the levels of binding measured when incubated at different temperatures. This could have important consequences where the receptor number and binding affinity are being measured and is currently being investigated in our laboratory.
With such rapid internalization of the LH receptor being carried out, we might expect there to be a complete loss of surface binding within 16 min after exposure to hormone. The continued surface binding which is seen was not inhibited by cycloheximide over a 4 h incubation so was not due to synthesis of new receptors. Monensin, a carboxylic ionophore, which is known to interrupt endosomal acidification (Geisow & Evans, 1984) and hence prevent hormone receptor dissociation, did reduce total binding to the cells. Over the first 2 h of exposure to hormone in the presence of monensin, surface binding was removed completely and over 4 h there is no release of degraded hormone, thus suggesting that monensin does inhbit a recycling pathway of the LH receptor.
Studies were also carried out on the process of desensitization in the testis Leydig cell. Cholera toxin is known to stimulate adenylate cyclase through ADP-ribosylation of the N protein (Cassel & Pfeuffer, 1978) . In cells that are desensitized to LH, by previous exposure to LH for 1 h or more, cholera toxin is still able to stimulate cyclic AMP production to the same extent as control cells. Therefore, as with tumour Leydig cells, the lesion in desensitization lies between the LH receptor and the N protein.
In submaximally desensitized cells, where there is a timedependent decrease in cyclic AMP production up to 1 h after exposure to LH, monensin enhanced desensitization to near maximally desensitized levels.
In conclusion it has been shown that internalization and recycling of LH receptors occurs in Leydig cells and that the number of receptors at the cell surface may affect the sensitivity and capacity of these cells to produce cyclic AMP in response to LH.
